Abstract Polychlorinated biphenyls (PCBs) are persistent environmental pollutants that contribute to the initiation of cardiovascular disease. Exercise has been shown to reduce the risk of cardiovascular disease; however, whether exercise can modulate PCB-induced vascular endothelial dysfunction and associated cardiovascular risk factors is unknown. We examined the effects of exercise on coplanar PCB-induced cardiovascular risk factors including oxidative stress, inflammation, impaired glucose tolerance, hypercholesteremia, and endothelium-dependent relaxation. Male ApoE −/− mice were divided into sedentary and exercise groups (voluntary wheel running) over a 12-week period. Half of each group was exposed to vehicle or PCB 77 at weeks 1, 2, 9, and 10. For ex vivo studies, male C57BL/6 mice exercised via voluntary wheel training for 5 weeks and then were administered with vehicle or PCB 77 24 h before vascular reactivity studies were performed. Exposure to coplanar PCB increased risk factors associated with cardiovascular disease, including oxidative stress and systemic inflammation, glucose intolerance, and hypercholesteremia. The 12-week exercise intervention significantly reduced these proatherogenic parameters. Exercise also upregulated antioxidant enzymes including phase II detoxification enzymes. Sedentary animals exposed to PCB 77 exhibited endothelial dysfunction as demonstrated by significant impairment of endothelium-dependent relaxation, which was prevented by exercise. Lifestyle modifications such as aerobic exercise could be utilized as a therapeutic approach for the prevention of adverse cardiovascular health effects induced by environmental pollutants such as PCBs.
Introduction
Cardiovascular disease remains the leading cause of death in developed nations. A number of different factors including environmental and chemical exposures are contributors to cardiovascular diseases. An accumulating body of evidence from epidemiological, in vitro, and in vivo studies link cardiovascular disease to environmental pollution, including exposure to persistent organic pollutants such as dioxins and polychlorinated biphenyls (PCBs) (L. . Dioxin exposure appears to be associated with mortality from cardiovascular disease (Humblet et al. 2008) . Furthermore, residing near sites contaminated with PCBs is associated with increased rates of hospitalization for coronary heart disease and acute myocardial infarction (Sergeev AV Carpenter 2005) , and circulating levels of PCBs were associated with atherosclerotic plaques in humans (P. M. .
Because the endothelium is in immediate contact with blood, endothelial cells are particularly vulnerable to environmental contaminants present in the circulation and which can induce inflammation and endothelial dysfunction (Eske et al. 2013; Hennig et al. 2002) . The majority of proinflammatory effects from coplanar PCBs are mediated through the aryl hydrocarbon receptor (AhR) (reviewed in Petriello et al. 2013) . Activation of the AhR leads to transcription of the detoxifying enzyme cytochrome p450 1A1 (CYP1A1). CYP1A1 induction aides in the detoxification of PCB 77 to multiple metabolites including hydroxyl and sulfate versions which are ultimately excreted (Robertson and Hansen 2001) . Importantly, when in the presence of PCB 77, CYP1A1 can become uncoupled and increase the levels of cellular reactive oxygen species (ROS), leading to induction of proinflammatory genes and subsequent vascular dysfunction (Kopf and Walker 2010) . Our laboratory has demonstrated previously that exposure to PCB 77 increases the expression of vascular cell adhesion molecule-1 (VCAM-1) (S G Han et al. 2010) , endothelial-derived monocyte chemoattractant protein-1 (MCP-1) (Majkova et al. 2009) , and interleukin-6 (IL-6) (Hennig et al. 2002) . Other groups have shown that PCBs impair endothelium-dependent dilation (Helyar et al. 2009 ) and promote obesity-associated atherosclerosis (Arsenescu et al. 2008) .
As pollutant emissions continue to increase (i.e., manufacturing and agriculture), human exposure to these pollutants will rise, thus leading to the need for physiological buffers to protect against pollutant-induced adverse health effects such as cardiovascular disease. Data from our laboratory and other groups have provided strong evidence that nutrition can modulate cardiovascular toxicity of environmental pollutants (Du et al. 2012; Sung Gu Han et al. 2012; Majkova et al. 2011; Ramadass et al. 2003; L. Wang et al. 2008) ; however, the effect of other lifestyle modifications such as exercise on health risks associated with exposure to persistent organic pollutants remains relatively unexplored. One such PCB study examined the effects of exercise on the gut microbiome and found that 5 weeks of voluntary exercise attenuated PCB-induced alterations in proteobacteria (Choi et al. 2013) . Exercise has been well-established as an effective primary and secondary intervention for atherosclerotic cardiovascular disease. Studies in both human and animal models have provided evidence that exercise exerts beneficial effects on atherogenesis and coronary artery disease (reviewed in Pinto et al. 2012; Szostak and Laurant 2011; Whayne and Maulik 2012) . Exercise improves traditional cardiovascular disease risk factors including hyperlipidemia, obesity, insulin sensitivity, and hypertension, as well as vascular function affected by changes in redox status and inflammation (Whyte and Laughlin 2010) . It has been shown that aerobic exercise decreases atherosclerotic plaque formation (Gielen et al. 2001; Ulrich Laufs et al. 2004; Napoli et al. 2006 ) and reduces neointima formation after carotid artery injury (Pynn et al. 2004 ). Exercise has also been shown to reduce proinflammatory cytokines in humans with coronary artery disease (Y.-J. Kim et al. 2008) and in animal models of cardiovascular disease (Yang and Chen 2003) . In ApoE −/− mice, exercise improves endothelium-dependent vasodilation or relaxation in isolated aortas and decreases vascular oxidative stress (Ajijola et al. 2009; U Laufs et al. 2005) . By using ApoE −/− mice, a well-documented model of atherosclerosis (Alan Daugherty 2002), we studied the relationship between exercise and PCB 77 exposure.
Our results indicate that exposure to a coplanar PCB increased cardiovascular disease-related risk factors including oxidative stress, vascular inflammation, hyperlipidemia, and glucose intolerance, which were attenuated in exercised animals.
Materials and methods

Chemicals
PCB 77 was purchased from Accustandard Inc. (New Haven, CT). Phenylephrine, Acetylcholine, Tempol, L-NGNitroarginine Methyl Ester (L-NAME), Sodium Nitroprusside (SNP), and acetonitrile were obtained from Sigma-Aldrich (St. Louis, MO).
Animal treatment and sample collection
Male ApoE −/− mice were obtained from the Jackson Laboratories (Bar Harbor, ME). Each mouse was individually caged, handled, and used in compliance with the Animal Care and Use Committee of the University of Kentucky. Mice were given ad libitum access to food (rodent standard chow) and water and housed in a pathogen-free environment for 12 weeks. Mice were administered vehicle (0.2-mL tocopherol-stripped safflower oil, Dyets, Inc. Bethlehem, PA) or PCB 77 (170 μM/kg) by oral gavage as separate doses during weeks 1, 2, 9, and 10, and the dosage was based on earlier studies demonstrating glucose intolerance (Baker et al. 2013) . Our model of exercise was the widely used voluntary running wheel model, previously described (Esser et al. 2007) . Each mouse randomized to exercise was placed in a modified cage with the wheel attached to a magnetic sensing mechanism from which the corresponding distance, speed, and amount of time spent running were obtained via ClockLab software (Actimetrics, Wilmette, IL). Mice were placed in a metabolic cage system (Techniplast, Inc., Philadelphia, PA) during week 12 to collect urine and feces. Fat mass and lean body mass were measured by an echo magnetic resonance imaging system (Echo-MRI; Echo Medical Systems, Houston, TX). At the study end point, mice were euthanized with CO 2 for exsanguination and tissue harvest (liver, soleus muscle, visceral adipose tissue, lungs, and kidney).
Quantification of plasma cholesterol, lipoproteins, and cytokines/chemokines Plasma cholesterol concentrations and lipoprotein distributions were determined as described previously (A Daugherty et al. 2000; Manning et al. 2003) . Cytokines and chemokines were measured simultaneously by using an 18-plex kit (Millipore, St. Charles, MO) (Majkova et al. 2009 ).
Glucose tolerance test
Mice were fasted for 6 h prior to the glucose tolerance test performed during week 6 of the study. Blood was collected from the tail vein and tested for glucose concentration with a glucometer (Freedom Freestyle Lite; Abbott Laboratories, Abbott Park, IL). Mice were administered D-glucose (20 % in saline, oral gavage), and blood glucose was quantified at 0, 15, 30, 60, 90, and 120 min. Total area under the curve (AUC; arbitrary units) calculates the area below the observed concentrations without the presence of a baseline value (Baker et al. 2013 ).
Quantification of PCBs and F 2 -isoprostanes
To determine systemic PCB and metabolite concentrations, PCB 77 and its hydroxyl metabolites were isolated from plasma and tissue samples. Briefly, homogenates were extracted in acetonitrile with the appropriate internal standards, dried under N 2 , and reconstituted (Newsome et al. 2014 ). Measurement of urinary F 2 -isoprostanes (F 2 -IsoPs) is considered the gold standard for assessment of in vivo oxidative stress (Morrow 2005) , and the assay was performed as described by us elsewhere (Newsome et al. 2014) . After extractions were performed, plasma, tissue, and urinary levels of PCB 77, hydroxyl metabolites, and F 2 -IsoPs were analyzed using a Shimadzu ultra-fast liquid chromatography system coupled with an AB Sciex 4000-Qtrap hybrid linear ion trap triple quadrupole mass spectrometer in multiple reaction monitoring (MRM) mode (Newsome et al. 2014 ).
Gene expression of CYP1A1 and antioxidant enzymes
Total mRNA was extracted from the liver using the TRIZOL reagent (Invitrogen Life Technologies, Carlsbad, CA) according to the manufacturer's protocol and as reported elsewhere (Newsome et al. 2014) . Primer sequences [see Online Resource, Table S1 ) for SYBR Green chemistry were designed using the Primer Express Software 3.0 for RT-PCR (Applied Biosystems) and procured from Integrated DNA Technologies, Inc. (Coralville, IA).
Ex vivo vascular reactivity studies
Forty male C57BL/6 mice were randomized to exercise or sedentary groups for 5 weeks. Individually caged sedentary controls were handled for the same procedures and amount of time as the exercised mice. Twenty-four hours before euthanasia, mice were intraperitoneally injected with 170 μM/kg of PCB 77 or vehicle (an average of 0.2-mL tocopherol-stripped safflower oil per animal (Dyets, Inc. Bethlehem, PA)). This dose was chosen based on a pilot study from our laboratory that demonstrated impaired endothelial-dependent relaxation in these mice (unpublished data). Measurement of contractile activity was performed using aortic rings as described previously (Rateri et al. 2011 ).
Statistical analysis
Data are represented as mean ± SEM. Two-way ANOVA was used, followed by a post hoc Tukey's test to measure differences using SigmaStat software (Systat Software, Version 12, Point Richmond, CA). Differences with a value of p<0.05 were considered statistically significant. For vascular reactivity studies, two-way repeated measures ANOVA was performed.
Results
Exercise reduces cardiovascular disease risk factors in PCB 77-treated mice All treatment groups gained weight, and specifically lean body mass [see Online Resource, Fig. S1A ], suggesting that the dosing regimen of PCB did not produce signs of PCBinduced wasting syndrome. Because cardiovascular disease is recognized as an inflammatory disease (Libby 2002) , selected inflammatory parameters were investigated. For example, interleukin-6 (IL-6), monocyte chemoattractant protein 1 (MCP-1), and macrophage colony stimulating factor (M-CSF) levels all markedly increased in sedentary animals as a result of PCB exposure (Fig. 1) . In contrast, exercising the PCB-exposed mice resulted in a significant decrease of all these inflammatory parameters, such as IL-6, MCP-1, and M-CSF, compared to their sedentary counterparts (Fig. 1) .
We also examined the effects of exercise on other risk factors associated with cardiovascular disease including impaired glucose tolerance and hypercholesterolemia. Sedentary animals treated with PCB 77 showed a significant increase in blood glucose concentrations, compared with vehicle control and exercise groups, 15 min after a response to a bolus of administered glucose (Fig. 2a) . The total AUC for blood glucose was significantly increased in sedentary mice treated with PCB 77 (Fig. 2b ) and exercise attenuated this response. Because hypercholesterolemia (Arsenescu et al. 2008; Lee et al. 2011 ) is associated with PCB exposure and exercise has been shown by several groups to lower blood cholesterol and cardiovascular disease (Laughlin 1999; Leung et al. 2008; Thompson et al. 2003) , total plasma cholesterol and lipoprotein fractions were measured. PCB treatment increased plasma cholesterol, which was significantly reduced in exercised animals (Fig. 3a) . Resolution of lipoproteins through size exclusion chromatography followed by nonlinear curve fitting analysis determined that exercise significantly decreased both the VLDL (Fig. 3b, c) and LDL cholesterol concentrations (Fig. 3b, c) in PCB 77-treated mice compared to sedentary counterparts. No differences in HDL concentrations were found among groups.
Exercise reduces systemic oxidative stress and upregulates antioxidant enzymes Because inflammatory diseases, such as atherosclerosis, are redox sensitive, we also assessed in vivo systemic oxidative stress. F 2 -isoprostanes (F 2 -IsoPs), prostaglandin-like eicosanoids formed during fatty acid peroxidation, were measured in urinary samples from all treatment groups. In PCB-treated animals, exercised mice had significantly lower levels of 8-iPF2 α and iPF2 α-VI compared to sedentary mice (Fig. 4) . Because of this 8-fold reduction of oxidative stress in exercised animals, we next examined expression of antioxidant enzymes. Overall, exercise significantly upregulated the expression of catalase, glutathione peroxidase (Gpx), glutathione S-reductase (GSR), and glutathione S-transferase (GST) [See Online Resource, Fig. S2 ]. Additionally, exercised groups exposed to PCB 77 had a significant downregulation of CYP1A1 compared to sedentary counterparts, which could contribute to the lower levels of oxidative stress [See Online Resource, Fig. S3 ]. To assess whether exercise had an effect on body burden, PCB 77 and its hydroxyl metabolite OH-PCB 77 were quantified in the plasma, liver, lungs, soleus, kidney, retroperitoneal white adipose tissue, epididymal white adipose tissue, and subcutaneous white adipose tissue. PCB 77 and OH-PCB 77 levels were undetectable in tissues from vehicle-treated mice or PCB 77-treated mice at the conclusion of the study. OH-PCB 77 levels in feces from sedentary mice were approximately 4-fold higher than those from exercised mice [See Online Resource, Fig. S3B ].
Exercise restores endothelium-dependent relaxation in PCB 77-treated mice
To substantiate the PCB-induced dysfunction of the vascular endothelium, vascular functional studies with isolated vessels were performed. PCB 77 impaired ACh-dependent relaxation, an endothelial-dependent event (Fig. 5a ). Two-way ANOVA RM revealed a statistically significant interaction between treatment groups and concentration (p=0.002). This reduced relaxation was rescued in vessels derived from exercised but not from sedentary animals. There were no differences in groups treated with the NO donor sodium nitroprusside (SNP), indicating that impairment occurred within the vascular endothelium (Fig. 5b) . Preincubation with Tempol, a superoxide dismutase mimetic, was necessary to improve the PCB-induced relaxation impairment observed in sedentary animals (Fig. 5c) . Preincubation with L-NAME, an NO inhibitor, significantly reduced endothelium-dependent relaxation in all groups (Fig. 5d) . As previously reported (Kopf et al. 2008) , there were no differences in endothelium-independent relaxation among all treatment groups implicating the importance of the vascular endothelium and not smooth muscle cells.
Discussion
There is substantial evidence that exposure to persistent organic pollutants including dioxin and PCBs are linked to the incidence of cardiovascular disease and heart failure which remain the leading cause of death in developed nations (Humblet et al. 2008; Sjöberg Lind et al. 2013) . We have shown previously that coplanar PCBs, including PCB 77 and PCB 126, are proinflammatory and atherogenic in vascular endothelial cells (Hennig et al. 2002; Toborek et al. 1995) . Coplanar PCBs have also been shown to promote obesity (Arsenescu et al. 2008) , atherosclerosis (Arsenescu et al. 2011) , and diabetes (Baker et al. 2013; Fierens et al. 2003) .
In most people, body burdens of environmental pollutants are prevalent, and prevention against environmental chemicalinduced disease pathologies remains a challenge. Positive lifestyle changes such as healthful nutrition and an increase in physical activity tend to protect against the development of inflammatory diseases such as atherosclerosis, obesity, and diabetes (Gil et al. 2011; Hamer and Stamatakis 2012; C.-Z. Wang et al. 2011) . Evidence from our laboratory suggests that antioxidant nutrients and related bioactive compounds found in fruits and vegetables protect against environmental toxic insult to the vascular endothelium by increasing antioxidant defense and by downregulation of proinflammatory signaling Newsome et al. 2014) ; however, the role of exercise remains largely unknown.
Data from this study provide evidence for the protective properties of physical activity against cardiovascular disease initiated by exposure to a persistent organic pollutant. Exposure to PCB 77 in sedentary animals elevated several risk factors associated with cardiovascular disease including oxidative stress, systemic inflammation, glucose intolerance, and hypercholesteremia. Baker et al. have previously reported that coplanar PCBs induce rapid and sustained glucose intolerance in an AhR-dependent manner (Baker et al. 2013) . We demonstrate glucose intolerance in sedentary, PCBtreated animals that is prevented in exercised animals. In the current study, sedentary, PCB-treated animals had significantly higher levels of plasma cholesterol, predominately in the VLDL and LDL fractions. Our results extend previous findings which have shown that dietary exposure to PCB 77 significantly increases hypercholesteremia specifically within the VLDL fraction that is associated with increased atherosclerosis (Arsenescu et al. 2008) . Furthermore, studying residents of Anniston, Alabama, revealed an association between increased concentrations of PCBs and elevated levels of total serum lipids, total cholesterol, and triglycerides (Aminov et al. 2013) . Voluntary exercise attenuated the hypercholesteremia observed in PCB-treated mice. These findings suggest that exercise can prevent and/or delay risk factors associated with cardiovascular disease.
Low-grade inflammation is a hallmark of endothelial dysfunction and atherosclerosis (Libby 2002) . We have demonstrated previously that coplanar PCBs can cause endothelial dysfunction as evidenced by an upregulation of inflammatory mediators including the cytokine IL-6 and chemokine MCP-1 (Eske et al. 2013; Han et al. 2012; Majkova et al. 2009 ). In fact, PCB 77-treated animals that were exposed to exercise had levels of inflammation that were not different from control sedentary animals. Exercise attenuated the PCB 77-mediated induction of inflammatory cytokines and chemokines including MCP-1, IL-6, and M-CSF. Because inflammation is sensitive to redox changes or an increase in oxidative stress, we also assessed in vivo systemic oxidative stress. Results from our study indicate that exposure to PCB 77 leads to a dramatic increase in F 2 -isoprostanes in sedentary mice, with much lower levels (8-fold) found in exercised animals, suggesting that exercise protects against systemic oxidative stress associated with PCB 77 exposure.
Mechanisms of protective properties of physical exercise such as voluntary exercise are not simple and may involve induction of phase II antioxidant enzymes (Dieter and Vella 2013; Galassetti and Riddell 2013; Kelly and Pomp 2013; Schmidt et al. 2013 ). Our findings demonstrate an upregulation of several phase II antioxidant enzymes, such as Gpx1, GST, and GSR. Additionally, our results show a downregulation of the phase I enzyme, CYP1A1, which has been implicated in contributing to oxidative stress in the presence of coplanar PCBs (Schlezinger et al. 2006) . Furthermore, superoxide can uncouple eNOS (Michel and Vanhoutte 2010) , the enzyme responsible for the production of the potent dilator nitric oxide, thus producing peroxynitrite and reducing endothelial-dependent relaxation. We have previously shown in cultured endothelial cells that exposure to PCB 77 can lead to an increase in peroxynitrite (Lim et al. 2007) .
Endothelial dysfunction is a critical step in the development of cardiovascular disease including atherosclerosis (Libby et al. 2006; Sena et al. 2013) . To further investigate the role of the vascular endothelium in PCB exposure, we performed ex vivo vascular reactivity studies. Exposure to PCB 77 led to severe impairment of endothelium-dependent dilation or relaxation in sedentary animals. Exercise was able to prevent the PCB-induced impairment. Reduced NO bioavailability is thought to be a primary cause of endothelial dysfunction (Vanhoutte et al. 2009 ). Our data show that AChinduced relaxation is blocked in all groups but PCB 77-treated sedentary animals. Because the relaxation response in exercised and control groups is significantly blunted when treated with the NO inhibitor L-NAME, one could argue that increased bioavailability of NO is one of the protective mechanisms of exercise within the vascular endothelium. In fact, preincubation with L-NAME significantly reduced endothelium-dependent relaxation in all groups, except in PCB-treated sedentary animals. The superoxide mimetic Tempol rescued the reduced vasodilation in PCB-treated sedentary animals, suggesting a relationship between PCB exposure, increased oxidative stress, and dysfunction of the vascular endothelium. Previous publications have reported rescue of dioxin-induced endothelial dysfunction by TEMPOL in sedentary mice (Kopf and Walker 2010) . This implies that exercise might normalize the redox status within the vascular endothelium, thus improving relaxation. Because preincubation with L-NAME, a NO inhibitor, significantly reduced endothelium-dependent relaxation in all groups, except in PCB-treated sedentary animals, NO-mediated mechanism may also contribute to the protective effects of exercise against PCB-induced dysfunction. Our work in cultured endothelial cells suggests that PCB can cause dysfunctional NO signaling (Lim et al. 2007) .
In addition to well-established protective mechanisms of exercise, including downregulation of inflammation through upregulation of antioxidant genes and improved endothelial-dependent relaxation, our data with PCBs also implicate increased metabolism of lipophilic compounds such as PCBs. Compared to sedentary animals, we found that exercised animals exposed to PCB 77 had significantly less OH-PCB 77 metabolites within their feces. This suggests indirectly that exercise can increase drug metabolism and that most of the PCB 77 may have been metabolized and/or excreted prior to the time of measurements (at the end of study). Although extensive human data are lacking, biotransformation and metabolism of PCB 77 can lead to multiple PCB metabolites including hydroxylated and sulfated versions in mammalian species (Robertson and Hansen 2001) . Within this study, the hydroxylated PCB metabolite OH-PCB 77 was measured; however, the metabolism of PCB 77 can produce additional metabolites such as 4′-OH-PCB 79, which have been shown to induce AhR-mediated activity (Machala et al. 2004) .
Also, the sustained CYP1A1 induction in the absence of measurable PCB 77 may be due to epigenetic changes induced by the exposure to the environmental pollutant. PCBs have been shown to produce epigenetic changes including changes in DNA methylation global patterns, modifying the histone pattern of the CYP1A1 promoter and causing histone posttranslational modifications in the liver (Casati et al. 2013) . Interestingly, PCB 77 causes a low level of AhR recruitment to the gene enhancer that lasts for a longer period of time than activation by other AhR ligands including TCDD, PCB 126, or PCB 169 (Ovesen et al. 2011 ). This increased period of transcriptional activation could account for the continued gene expression of CYP1A1 thus leading to increases in oxidative stress which contribute to PCB-induced cardiovascular risk factors.
A better understanding of the distribution, metabolism, and excretion of PCB 77 and related coplanar PCBs may allow for more effective biomedically based therapeutic strategies. Nutritional intervention, such as with olestra, can interfere with the absorption of dietary PCBs and has been shown to result in their reduced systemic accumulation (Jandacek et al. 2010) . Similar to such nutritional intervention that suggests modification of enterohepatic circulation or reduced reabsorption of organochlorine compounds (Jandacek and Genuis 2013) , PCBs and their metabolites may undergo enhanced enterohepatic circulation during exercise. Moreover, it has been reported that voluntary wheel running increases wholebody cholesterol turnover in mice (Meissner et al. 2010) as well as increased bile acid and cholesterol excretion (Meissner et al. 2011) . Voluntary wheel running could modify enterohepatic circulation and thus lead to increased excretion of lipophilic compounds including PCBs. Exercise also can alter pharmacokinetics by affecting drug absorption and hepatic and renal clearance of drugs (Persky et al. 2003) . Four weeks of voluntary exercise in C57BL/6 mice led to an upregulation of CYP7A1 and CYP27, two CYP enzymes that play a role in cholesterol metabolism (Wilund et al. 2008) . Interestingly, in a recent human study, it was shown that drastic weight loss in humans can lead to a temporary increase in serum POPs and, within 6-12 months, to a significant 15 % decrease in total PCB body burden (M. J. Kim et al. 2011) . Because exercise is a successful weight loss strategy, future studies should assess the impact of exercise on PCB body burden changes over an extended period of time following PCB exposure.
In summary, our study provides experimental evidence that exercise is beneficial for protecting the vasculature against PCB-induced oxidative stress and inflammation. Coplanar PCBs are persistent and a significant risk factor for endothelial injury and associated cardiovascular disease. More studies are needed to determine the amount of exercise required to prevent or mitigate adverse health effects associated with PCB exposure. This work suggests that lifestyle modifications including aerobic exercise can be utilized as a therapeutic approach for the prevention of adverse health effects induced by environmental pollutants such as PCBs.
